The genus Humibacter was proposed by Vaz-Moreira et al. (2008) for encompassing a member of the family Microbacteriaceae that was isolated from municipal sewage sludge compost. Cells of the type strain of the only known species, Humibacter albus, are Gram-stain-positive, strictly aerobic, motile, short rods. Members of the genus contain ornithine and 2,4-diaminobutyric acid as the diagnostic diamino acids in the cell-wall peptidoglycan with Nacetylated murein, the predominant fatty acids cyclohexyl-C 17 : 0 , anteiso-C 17 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 and the major menaquinones MK-11 and MK-12. This paper describes the polyphasic taxonomic characterization of a strain representing the genus Humibacter, which was isolated from a natural cave in the Republic of Korea.
During a culture-dependent study on the diversity of cave bacteria, strain D7-27 T was isolated from clay soil samples collected inside a natural cave in Jeju, Republic of Korea. The procedure and medium for bacterial isolation were as described by Lee (2008) . After incubation at 30 u C for 14 days, the colonies on the agar plates were subcultured on ISP (International Streptomyces Project) medium 2 (Shirling & Gottlieb, 1966) . The pure culture was maintained as 20 % (v/v) glycerol suspensions at 220 u C and 280 u C. For phenotypic comparison and DNA-DNA hybridization experiments, Humibacter albus DSM 18994 T was grown on ISP medium 2 at 30 u C.
Growth of strain D7-27
T was examined on ISP medium 2, trypticase soy yeast extract medium (TSYE; DSM medium 92, http://www.dsmz.de/microorganisms/medium/pdf/DSMZ_ Medium92.pdf), trypticase soy agar (TSA; Difco), R2A agar (Difco) and nutrient agar (NA; Difco). Cell morphology and motility were observed by phase-contrast and transmission electron microscopy, with cells grown on ISP 2 agar plates and in ISP 2 liquid broth for 3 days at 30 u C. The presence of flagella was examined using H. albus DSM 18994
T as a positive control. Colony appearance and colour were observed after incubation on ISP medium 2 for 5 days at 30 u C. The physiological and biochemical characteristics of strain D7-27 T were, unless otherwise indicated, examined by using ISP 2 medium as the basal medium. Growth was tested at pH 4.0-10.0 (at intervals of 1 pH unit) and different temperatures (4, 10, 20, 28, 30, 32, 35 and 40 u C) . The pH of the ISP 2 broth was adjusted with 1 M HCl and 1 M NaOH after sterilization. The temperature and pH ranges for growth were recorded after incubation for 5 days (at 30 u C for pH tests). For growth a different pH, 1 ml of cell suspension (OD 600 adjusted to 0.5) was added into 50 ml ISP 2 broth and the OD 600 of the culture broth was measured at the time of inoculation and after 3 and 5 days of incubation. A positive reaction was recorded for growth where the increase in OD 600 value was greater than 0.3. Tolerance of NaCl was tested at 1-9 % (w/v) NaCl (at intervals of 1 %) and the agar plates were incubated at 30 u C for 7 days. Gram staining was performed by using the Gram 2 kit (bioMérieux) following the instructions of the manufacturer. Oxidase activity was examined with 1 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine and catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 . Other physiological and biochemical properties were examined using API 20NE, API ZYM and API 50CH strips (bioMérieux) according to the instructions of the manufacturer. For these tests, the cells of strain D7-27 T and H. albus DSM 18994
T were grown on ISP medium 2 for 5 days at 30 uC and suspended in sterilized distilled water.
Strain D7-27 T grew well on ISP medium 2, TSYE medium, TSA and NA but slow growth was observed on R2A agar. The growth rate of strain D7-27 T seemed to be slightly slower than that of H. albus DSM 18994 T . Strain D7-27 T showed visible growth after 3 days of incubation on ISP 2 medium and separate colonies appeared after incubation for 5 days, whereas H. albus DSM 18994
T showed visible colonies (approx. 0.5 mm in size) after 3 days of incubation. Colonies of strain D7-27 T were white, circular, entire in margin and 0.5 mm in size after incubation on ISP medium 2 for 5 days at 30 u C. Cells of strain D7-27 T were Gram-stain-positive, aerobic, non-motile rods (0.45-0.5260.86-1.80 mm) and no flagella were observed irrespective of the physical state of media used (Fig. S1 , available in IJSEM Online). The results for other physiological and biochemical tests are given in Table 1 and the species description.
Genomic DNA isolation and PCR amplification and sequencing of the 16S rRNA gene were performed by using previously described methods (Lee, 2008) . A preliminary comparison of an almost-complete 16S rRNA gene sequence (1412 bp) of strain D7-27 T was performed against 16S rRNA gene sequences available in the GenBank database, indicating a close relationship with members of the family Microbacteriaceae. The CLUSTAL X program (Thompson et al., 1997) was used for multiple alignments with the selected sequences. A total of 1376 unambiguously aligned nucleotides were used for phylogenetic analyses by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods. A neighbour-joining tree was drawn with evolutionary distances calculated by the model of Jukes & Cantor (1969) , with the results of bootstrap analysis (Felsenstein, 1985) based on 1000 replications. The 16S rRNA gene sequence analysis showed that strain D7-27
T forms a monophyletic cluster with H. albus SC-083 T of the family Microbacteriaceae (a sequence similarity of 97.6 %), being supported by a bootstrap value of 100 % and by the maximum-likelihood and maximum-parsimony treeing methods (Fig. S2) . Strain D7-27 T showed 16S rRNA gene sequence similarities of less than 95.1 % to representatives of all the other genera in the family Microbacteriaceae. . Data were taken from this study. +. Positive; 2, negative; W, weak response. Both strains were positive for nitrate reduction, aesculin degradation and assimilation of D-glucose, N-acetyl-D-glucosamine and DL-malate (weak response) but negative for indole production, glucose fermentation, arginine dihydrolase, gelatin hydrolysis and assimilation of D-arabinose, gluconate, caprate and adipiate (API 20NE). They were positive for esterase (C4) (weak response), esterase lipase (C8) (weak), leucine arylamidase, acid phosphatase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase but negative for alkaline phosphatase, lipase (C14), trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase and b-glucuronidase (API ZYM). Both strains were positive or weakly positive for acid production from 
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Biomass for chemotaxonomy was prepared by cultivation of strain D7-27 T and H. albus DSM 18994 T in ISP 2 broth for 5 days at 30 u C. Purified cell wall was obtained by using the method of Hancock (1994) and the amino acid composition of hydrolysed cell walls (6 M HCl, 16 h, 120 u C) was determined by HPLC as described by Lee (2007) . The acyl type of the peptidoglycan was analysed according to the method of Uchida & Aida (1984) . Menaquinones were extracted and purified by the method of Collins (1985) and subsequently analysed by HPLC (Kroppenstedt, 1985) . Polar lipids were extracted and analysed by using two-dimensional TLC (Minnikin et al., 1977) . Mycolic acids were analysed by the method of Minnikin et al. (1980) . The base composition of the DNA was determined by HPLC (Mesbah et al., 1989) . For determination of cellular fatty acids, strain D7-27
T and H. albus DSM 18994 T were grown on ISP medium 2 and TSA for 3 days at 30 u C and the identities of both strains were checked by 16S rRNA gene sequencing before analysis. Fatty acid methyl esters were prepared and analysed according to the instructions of the Sherlock Microbial Identification System (version 6.1; MIDI), with the ACTIN6 database for identification of fatty acids. The main peak, identified as a summed feature which could not be separated by GLC using the MIDI system, was further analysed by using a GCMS-QP2010 Ultra (Shimazu) with a RTX-5MS capillary column (30 m, 0.25 mm i.d. and 0.25 mm film thickness; RESTEK) and GCMS solution software version 2.61.
The results of the 16S rRNA gene sequence analysis were consistent with most of the chemotaxonomic characteristics. The diagnostic diamino acids of the cell-wall peptidoglycan of strain D7-27 T were ornithine and 2,4-diaminobutyric acid, being typical for members of the genus Humibacter (Vaz-Moreira et al., 2008) . The molar ratio of the amino acids ornithine, 2,4-diaminobutyric acid, alanine, glycine and glutamic acid was found to be 0.4 : 0.6 : 0.7 : 1.8 : 1.0. The acyl type of cell-wall muramic acid was acetyl type. The polar lipid profile of strain D7-27 T consisted of phosphatidylglycerol, an unknown glycolipid, an unknown phospholipid and three unknown lipids. The phospholipid composition of H. albus DSM 18994 T was not determined in a previous study (VazMoreira et al., 2008) . In this analysis, H. albus DSM 18994 T showed a similar profile to that of strain D7-27 T (Fig. S3) . Diphosphatidylglycerol, which is found in most of members of the family Microbacteriaceae, was not detected in either strain tested. Thus, the absence of diphosphatidylglycerol can be a key characteristic that differentiates the genus Humibacter from the other genera of the family Microbacteriaceae. The menaquinone profile of strain D7-27 T contained menaquinones MK-12, MK-11 and MK-10 (79, 17 and 4 %, respectively), whereas H. albus DSM 18994 T , in this study, revealed a similar profile (MK-12, MK-11 and MK-10 in the ratio 33 : 58 : 9) to that reported previously (Vaz-Moreira et al., 2008) . The DNA G+C content of strain D7-27 T was 66.3 mol%, slightly lower than the 68 % of H. albus DSM 18994
T .
The cellular fatty acid profiles of strain D7-27 T and H. albus DSM 18994 T are given in Table 2 . Both strains showed consistent patterns according to the culture media used and contained considerable amounts of iso-and anteiso-methyl-branched acids together with cylcohexyl fatty acids, with anteiso-C 17 : 0 and cylcohexyl-C 17 : 0 predominating. The fatty acids iso-C 16 : 0 and C 16 : 0 , as main components in both strains, were variable depending on culture media. The main peaks identified as summed feature 7 (C 18 : 1 v9t/v6t/v11c) in fatty acid methyl esters of both strains using the MIDI system were further analysed by GC-MS, confirming this fatty acid as cylcohexyl-C 17 : 0 (Fig. S4) . The two mass spectra were identical to that from Curtobacterium pusillum (Suzuki et al., 1981) . The fatty acid cyclohexyl-C 17 : 0 has been reported as a distinctive feature that distinguishes the genus Humibacter from the other genera in the family Microbacteriaceae (Vaz-Moreira et al., 2008) but was not included in the genus description. The presence of cyclohexyl-C 17 : 0 in the cells of strain D7-27 T suggests that the description of the genus Humibacter needs to be emended.
DNA-DNA hybridization experiments between strain D7-27
T and H. albus DSM 18994 T were conducted by using photobiotin-labelled DNA probes in microdilution wells as described by Ezaki et al. (1989) . DNA-DNA relatedness between strain D7-27
T and H. albus DSM 18994 T was 28.6 % (17.6 % in a reciprocal hybridization with DNA of H. albus DSM 18994
T as a probe). These relatedness values were lower than the threshold value of 70 % that is considered for definition of bacterial genomic species T by physiological features such as growth temperature, utilization of carbon sources and enzyme activities (Table 1) and cellular fatty acid composition ( Table 2 ). The combination of the morphological, physiological and chemotaxonomic data as well as DNA-DNA relatedness suggested that strain D7-27
T represents a novel species of the genus Humibacter, for which the name Humibacter antri sp. nov. is proposed. Humibacter antri (an9tri. L. gen. n. antri of a cave, referring to the sample from which the type strain was isolated).
Emended description of the genus
Cells are Gram-stain-positive, aerobic, oxidase-negative, catalase-positive and non-motile rods (0.45-0.5260.86-1.80 mm). Colonies are white, circular and entire in margin and 0.5 mm in size after incubation on ISP medium 2 for 5 days at 30 u C. Growth occurs at 20-30 u C (optimum at 28-30 u C) and pH 5.0-8.0 (optimum pH 7.0-8.0) and in the presence of 1.0 % (w/v) NaCl. Growth does not occur at 32 u C, pH 9.0 or with 2.0 % (w/v) NaCl. Nitrate reduction and aesculin degradation are observed. D-Glucose, N-acetyl-D-glucosamine, D-mannose (weakly), maltose (weakly) and DL-malate (weakly) are assimilated. Enzyme activities such as esterase (C4) (weak response), esterase lipase (C8) (weak), leucine arylamidase, acid phosphatase, cystine arylamidase (weak), a-galactosidase, b-galactosidase, a-glucosidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase are present. Acid is produced from D-arabinose (weakly), D-glucose (weakly), D-mannose (weakly), N-acetylglucosamine (weakly), arbutin, aesculin, salicin, cellobiose, maltose, sucrose (weakly), xylitol (weakly), methyl a-D-mannoside (weakly), methyl a-Dglucoside (weakly) and D-fucose (weakly). Other physiological and biochemical properties are given in Table 1 . The cell-wall peptidoglycan contains ornithine and 2,4-diaminobutyric acid as the diagnostic diamino acids. The major menaquinones are MK-12 and MK-11. The polar lipids comprise phosphatidylglycerol, an unknown glycolipid, an unknown phospholipid and three unknown lipids. Mycolic acids are not present. The predominant cellular fatty acids are anteiso-C 17 : 0 and cylcohexyl-C 17 : 0 . 
